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SPECIFICATION 
TITLE 

TEMPERATURE-PROTECTED SEMICONDUCTOR SWITCH 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention is directed to a temperature-protected semiconductor 
switch having a semiconductor switch element which is composed of a number of 
cells connected in parallel and which includes an integrated reverse diode. The 
temperature-protected semiconductor switch also has a temperature sensor wherein 
the semiconductor switch element and the temperature sensor are integrated 
together in a semiconductor body of a first conductivity type and wherein the 
temperature sensor generates a first signal given the occurrence of an excessive 
temperature. 

Description of the Prior Art 

For protection against thermal overload, semiconductor switches, 
particularly power switches, are provided with integrated temperature sensors. The 
temperature sensors acquire the temperature of the power switch and convert this 
mto a temperature-dependent, analog signal which then can be interpreted in a 
circuit. As a result thereof, for example, a shut-off of the semiconductor switch is 
possible when a specific, predetermined temperature has been exceeded. 

Figure la shows a schematic view of such a semiconductor switch. The 
semiconductor switch 1 is thereby composed of a semiconductor switch element 
Tl, for example a MOSFET, that includes a number of cells (not shown) connected 
m parallel. A temperature sensor TS is integrated in the proximity of the hottest 
location; this being potentially implemented, for example, as a diode, a bipolar 
transistor or, on the other hand, as a thyristor. The temperature sensor TS 
together with the semiconductor switch element Tl is integrated in a 
semiconductor body. Via a signal line SLl, the temperature sensor TS outputs a 
signal when a predetermined temperature is upwardly exceeded, this signal being 
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processed by an evaluation unit (not shown). The signal then can be taken to shut 
the semiconductor switch element Tl off. As a result, an overheating and, thus, a 
destruction of the semiconductor switch element Tl can be avoided. Figure lb 
shows the schematic circuit diagram of the semiconductor switch element Tl, a 
MOSFET, and of the temperature sensor TS. Due to technology, a MOSFET 
includes an integrated reverse diode Dl. Many versions are known for the 
interconnection of a temperature sensor TS with the semiconductor switch element 
so that only a block symbol is shown for the temperature sensor; this being 
connected to a status output STl via the signal line 1. A circuit arrangement for 
acquiring the excess temperature of a semiconductor switch in integrated form is 
disclosed, for example, by EP 0 341 482 Al. 

When the temperature sensor together with the semiconductor switch 
element is integrated in a semiconductor body, the technologically integrated diode 
can present problems for the semiconductor switch element from source to drain. 
When this is operated statically or temporarily in flow direction, it produces free 
charge carriers. The free charge carriers form a parasitic structure together with the 
integrated temperature sensor. This can lead to the fact that the temperature sensor 
assumes it has detected an excess temperature and, thus, outputs a signal to the 
evaluation. This case can occur, for example, when respectively two temperature- 
protected high-side and low-side switches are interconnected to form a H-bridge 
and when a motor represents the load. Since the motor represents an inductance, 
reactance currents can activate the integrated reverse diode and produce free charge 
carriers. 

In order to prevent this undesired condition, it is known to integrate the 
temperature sensor with a suitable, permanently implanted charge carrier diffusion 
that annularly surrounds the temperature sensor. The emitted charge carriers can 
be captured by applying a voltage between the charge carrier diffusion and the 
integrated reverse diode. As a result thereof, the temperature sensor is protected 
against the penetration of charge carriers. The charge carrier diffusion rings, which 



2 



are also referred to as "suction rings", however, have only a limited effect given 
high currents through the integrated reverse diode. In order also to be able to 
capture the charge carriers given high currents, the charge carrier diffusion would 
have to be implemented extremely broad. This, however, would have the 
disadvantageous effect that the temperature sensor exhibits a relatively great 
distance from the hottest location of the semiconductor switch element. It is 
precisely in semiconductor switches with a high current density, however, that the 
reaction time of the temperature sensor given thermal overload of the 
semiconductor switch element is of great significance. When, on the other hand, 
the charge carrier diffusion is implemented too low, this cannot adequately 
efficiently protect the temperature sensor given extremely high currents through 
the reverse diode D 1 in order to prevent the undesired, parasitic effects to the 
temperature sensor. 

Proceeding on the basis of this prior art, therefore, an object of the present 
invention is to provide a temperature-protected semiconductor switch that enables 
the response of the temperature sensor in a simple way only in case of an excess 
temperature. 

SUMMARY OF THE INVENTION 

In the temperature-protected semiconductor switch of the present 
invention, such object is achieved in that a charge carrier detector is provided 
which generates a second signal given the occurrence of free charge carriers in the 
semiconductor body. 

The charge carrier detector is advantageously designed such that a parasitic 
component is formed between the charge carrier detector, the semiconductor body 
and at least one cell of the semiconductor switch element. When free charge 
carriers are produced, this parasitic structure enables the integrated reverse diode to 
generate a signal. When the first and second signals are supplied for evaluation and 
are logically operated with one another thereat, then the indication of an 
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unambiguous excess temperature in the semiconductor switch element is 
dependably produced. 

In an embodiment, the charge carrier detector is arranged neighboring the 
temperature sensor which is, in turn, applied in the proximity of the hottest 
location of the semiconductor switch. Ideally, the charge carrier detector is 
arranged neighboring a signal line of the temperature sensor that leads out of the 
semiconductor switch. In this case, a signal line of the charge carrier detector can 
be conducted out of the semiconductor switch spatially adjacent to the signal line of 
the temperature sensor. A particularly simple layout of the semiconductor switch 
is thus possible since only a few modifications need be undertaken compared to a 
semiconductor switch known from the prior art. 

In an embodiment, the evaluation means can be integrated together with the 
semiconductor switch, wherein it is monolithically integrated in the same 
semiconductor body. In this case, an advantageous space-arrangement of the 
temperature-protected semiconductor switch is possible. Of course, it is also 
conceivable to accommodate the evaluation means in a separate semiconductor chip 
and, for example, to apply this on the semiconductor switch with a chip-on-chip 
mounting. 

Additional features and advantages of the present invention are described in, 
and will be apparent from, the Detailed Description of the Preferred Embodiments 
and the Drawings 

DESCRIPTTON OF THE DRAWTMHS 

Figure la shows a schematic plan view onto a temperature-protected 
semiconductor switch of the prior art; 

Figure lb shows the circuit diagram associated with the semiconductor 
switch of Figure la; 

Figure 2 shows a schematic plan view onto the temperature-protected 
semiconductor switch of the present invention; 
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Figure 3 shows the electrical circuit diagram associated with the 
semiconductor switch of Figure 2; and 

Figure 4 shows a cross section through the semiconductor body of the 
temperature-protected semiconductor switch of the present invention. 

DETAILED PFSCRTP TION OF THE PREFFRRED EMBODTMFATTS 

Figure 2 shows a schematic plan view onto the inventive, temperature- 
protected semiconductor switch 1. This is composed of a semiconductor switch 
element Tl that is, in turn, composed of a number of MOS cells (not shown) 
connected in parallel. A temperature sensor TS is attached in the proximity to the 
hottest location of the semiconductor switch element TSl, the temperature sensor 
TS outputting a signal via a signal line SLl to a status output STl when a 
predetermined temperature threshold is upwardly exceeded. A charge carrier 
detector LD is arranged neighboring the temperature sensor TS, this detector LD 
likewise including a signal line SL2 that is connected to a status output ST2. The 
charge carrier detector LD is thereby arranged neighboring the temperature sensor 
TS, whereby the preferred location exists close to the junction of the signal line SLl 
and the temperature sensor TS. The charge carrier detector LD, of course, could be 
arranged at any arbitrary location in the semiconductor switch element TL The 
illustrated embodiment, however, represents the form that is simplest to produce. 

Figure 3 shows the electrical circuit diagram of the inventive temperature- 
protected semiconductor switch L The semiconductor swhch element Tl is 
implemented as a MOSFET that, due to technology, includes an integrated reverse 
diode Dl. The anode of the reverse diode Dl is thereby connected to the source 
terminal of the MOSFET, whereas the cathode is in communication with the drain 
terminal. Further, the semiconductor switch 1 includes the temperature sensor TS 
and charge carrier detector LD, both of which are connected to an evaluation 
means AW via a signal line SLl or, respectively, SL2. The evaluation means AW 
generates a signal at a status output ST3 that derives from an operation of the 
signals adjacent the status outputs STl or, respectively, ST2. 
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The evaluation means thereby works as follows. It is assumed that the 
temperature sensor TS generates a logical H in case a predetermined temperature is 
upwardly exceeded. When the integrated reverse diode Dl produces free charge 
carriers, then a logical H is adjacent the status output ST2; otherwise, a logical L is 
present. 

When, due to a specific operating condition, the reverse diode Dl is 
operated in a flow direction, then it produces free charge carriers. As a result, the 
temperature sensor TS responds due to a parasitic structure and generates a logical 
H at the status output STl. At the same time, the charge carrier detector LD also 
responds so that it likewise generates a logical H at its status output ST2. In this 
case, the evaluation means AW generates, for example, a logical L at its status 
output ST3, this being equivalent to a normal operating condition. 

When, due to an abnormal operating condition, the semiconductor switch 
Tl becomes extremely hot, then the temperature sensor TS responds and generates 
a logical H at the status output STl. Since, however, the reverse diode Dl does not 
produce any free charge carriers in this case, a logical L remains at the status output 
ST2. The evaluation means AW generates a logical H at its status output ST3 from 
these two input signals, this being equivalent to an excess temperature. In this case, 
a further evaluation means (not shown) can be activated which, for example, 
switches the semiconductor switch 1 off or, on the other hand, activates a current 
limitation. 

Figure 4 shows a cross section through the semiconductor body of the 
temperature-protected semiconductor switch 1. In order to further illustrate the 
functionality of the present invention, the electrical circuit symbols also are 
entered. A number of MOS cells M are arranged in the semiconductor body. For 
the sake of simpHcity, only a single such MOS cell M is shown in Figure 4. The 
MOS cells M, however, surround the temperature sensor TS and the charge carrier 
detector at all sides. The MOS cell M is arranged in a known way; i.e., a p-doped 
well 3 is let into the n-doped semiconductor body wherein a n-doped source zone 
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is, in turn, arranged in the well 3. The source zone 4 is thereby electrically 
externally connected to a source terminal. The gate electrodes G are arranged over 
the p-well via a gate oxide (not shown). The n-doped semiconductor body 2 is 
connected to a drain contact D. 

A temperature sensor TS is arranged neighboring an MOS cell M. In the 
present figure, this is implemented as bipolar transistor 8. To this end, a p-well 5 is 
let into the semiconductor body 2, and a highly n-doped layer 6 is, in turn, placed 
in said p-well 5. The n-doped layer 6 is connected to the signal line SLl with the 
status output STl. The npn bipolar transistor 8 is formed by this structure. 

The charge carrier detector LD is arranged neighboring the temperature 
sensor TS and is embodied in the form of a highly p-doped well in the 
semiconductor body 2. The p-doped well 7 is connected to the status output ST2 
via the signal Une SL2. 

The p-well 3 together with the n-doped semiconductor body 2 forms the 
technologically caused reverse diode Dl. When this diode Dl is temporarily 
operated in flow direction, i.e. from the p-well to the semiconductor body 2, then 
the parasitic bipolar transistor 9, which is formed of the p-well 3, the 
semiconductor body 2 and the p-well 5 of the temperature sensor become 
simukaneously active. When, consequently, charge carriers are released from the p- 
well 3 to the semiconductor body 2, then a current flows into the p-well 5 via the 
parasitic bipolar transistor 9. This represents the base of the temperature sensor TS 
implemented as a bipolar transistor which, thus, produces a signal at the status 
output STl that simulates a temperature rise. At the same time, however, the 
parasitic bipolar transistor 10 also becomes active, this being formed of the p-well 3 
of the MOS cell M, of the semiconductor body 2 and of the p-well 7 of the charge 
carrier detector LD. A signal is therefore generated at the status output ST2. On 
the basis of the suitable operation of the signals adjacent the status outputs STl and 
ST2, a true excess temperature can be distinguished in the evaluation means AW 
from an apparent excess temperature. 
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As a result of this simple procedure, a very effective temperature monitoring 
system can be effected both in a very simple way and, above all else, in a space- 
saving fashion. As desired, the temperature sensor can be integrated in the 
proximity of the hottest location of the semiconductor switch 1. The disadvantages 
from the above-described prior art are thus avoided. The manufacture of the 
inventive, temperature-protected semiconductor switch is possible with only a few 
modified manufacturing steps compared to a standard, temperature-protected 
semiconductor switch. 

Although the present invention has been described with reference to specific 
embodiments, those of skill in the art will recognize that changes may be made 
thereto without departing from the spirit and scope of the invention as set forth in 
the hereafter appended claims. 
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I Claim as My Invention : 

1. A temperature-protected semiconductor switch, comprising: 
a semiconductor body of first conductivity type; 

a semiconductor switcii element formed of a plurality of cells connected in 
parallel and including an integrated reverse diode; 

a temperature sensor which generates a first signal given the occurrence of 
an excess temperature, wherein the semiconductor switch element and the 
temperature sensor are integrated together in the semiconductor body; and 

a charge carrier detector that generates a second signal given the occurrence 
of free charge carriers in the semiconductor body. 

2. A temperature-protected semiconductor switch as claimed in claim 1, 
further comprising: 

a parasitic component formed between the charge carrier detector, the 
semiconductor body and at least one cell of the semiconductor switch element. 

3. A temperature-protected semiconductor switch as claimed in claim 1, 
further comprising: 

an evaluation means, wherein the first and second signals are supplied to the 
evaluation means and logically operated with one another thereat for indicating an 
unambiguous excess temperature in the semiconductor switch element. 

4. A temperature-protected semiconductor switch as claimed in claim 1, 
wherein the charge carrier detector is positioned adjacent the temperature sensor. 

5. A temperature-protected semiconductor switch as claimed in claim 1, 
wherein the temperature sensor is attached proximate a hottest location of the 
semiconductor body. 
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6. A temperature-protected semiconductor switch as claimed in claim 1, 
wherein the charge carrier detector is positioned adjacent a signal line of the 
temperature sensor leading out of the semiconductor switch. 

7. A temperature-protected semiconductor switch as claimed in claim 3, 
wherein the evaluation means is monolithically integrated with the semiconductor 
switch. 

8. A temperature-protected semiconductor switch as claimed in claim 1, 
further comprising: 

at least one of a bipolar transistor and a thyristor as the temperature sensor. 

9. A temperature-protected semiconductor switch as claimed in claim 1, 
wherein the first conductivity type is n-conductive. 
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ABSTRACT OF THE DISCLOSURE 

A temperature-protected semiconductor switch having a semiconductor 
switch element composed of a number of cells connected in parallel and an 
mtegrated reverse diode, and further having a temperature sensor wherein the 
semiconductor switch element and the temperature sensor are integrated together 
in a semiconductor body of a first conductivity type. Upon occurrence of an excess 
temperature, the temperature sensor generates a first signal. A charge carrier 
detector is also provided which generates a second signal given the occurrence of 
free charge carriers caused by the integrated reverse diode in the semiconductor 
body. The first and second signals are supplied to an evaluation means that, for 
example, undertakes the shut-off of the semiconductor switch only in the case of a 
true excess temperature. 



11 



1/3 



FIG1A 




2/3 



FIG 2 




FIG 3 



D1 



T1 



1 1.. 





i SL1 


TS 










LD 








j SL2 



T"" 



ST1 



,ST2 ^ 



AW 



3/3 




DECLARATION AND POWER OF ATTORNEY 



As a below named inventor, I hereby declare that: 
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Case No. P00.0184 the specification of which 
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(check was filed on as 

one) Application Serial No. 
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(if applicable) 

I hereby state that 1 have reviewed and understand the contents of die above identified specification, 
including the claims as amended by any amendment referred to above. 

1 acknowledge die duty to disclose to the United States Patent Office all information which is known to 
me to be material to die patentability of this application in accordance with Tide 37, Code of Federal 
Regulations, 1.56.' 

I do not know and do not believe this invention was ever known or used in the United States of America 
before my or our invention thereof, or patented or described in any printed publication in any country before my 
or our invention thereof or more than one year prior to this application, that the same was not m public use or on 
sale in die United States of America more than one year prior to this application, and I believe that the invention 
has not been patented or made the subject of an inventor's certificate issued before the date of this application in 
any country foreign to the United States of America on an application filed by me or my legal representatives or 
assigns more than twelve months prior to this application, and that no application for patent or inventor's 
certificate on this invention has been filed in any country foreign to the United States of America prior to this 
application by me or my legal representatives or assigns, except as identified below: 

I hereby claim foreign priority benefits under Tide 35, United States Code, 1 19 of any foreign 
application(s) for patent or inventor's certificate listed below 
Prior Foreign Application(s) 

Number Country Date 

199 04 575.5 Germany February 4, 1999 
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(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a conclusion that a claim is unpatentable 
under the preponderance of evidence, burden-of-proof standard, giving each term in the claim its broadest reasonable construction 

ent with the specification, and before any consideration is given to evidence which may be submitted in an attempt to establish a 
y conclusion of patentability. 
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under Section 1001 of Tide 18 of the United States Code and that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 
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